IMPORTANCE Laparoscopic sleeve gastrectomy for treatment of morbid obesity has increased substantially despite the lack of long-term results compared with laparoscopic Roux-en-Y gastric bypass.
O besity is highly prevalent in the US population. Roughly one-third of US residents have a body mass index (BMI) exceeding 30 (calculated as weight in kilograms divided by height in meters squared), and 5% to 10% have BMIs of more than 40. 1 Only bariatric surgery results in substantial and long-term weight loss for very obese patients. However, outcomes from bariatric surgery remain uncertain, because few bariatric surgery studies report long-term results with sufficient patient follow-up. 2 The 2 most commonly performed operations are now the laparoscopic Roux-en-Y gastric bypass and laparoscopic sleeve gastrectomy. Sleeve gastrectomy is a simpler operation than the gastric bypass, and short-term results suggest that it very effectively treats morbid obesity and type 2 diabetes. Sleeve gastrectomy is technically easier to perform and has fewer early perioperative complications, is associated with less dumping syndrome, and does not involve the risk of internal hernias based on lack of small bowel rearrangement also providing access to an intact intestinal passage. Although outcomes for gastric bypass are reasonably well described, long-term outcomes for sleeve gastrectomy are not well known, and it is also not known if outcomes from sleeve gastrectomy are similar to those for gastric bypass. 2 The Sleeve vs Bypass (SLEEVEPASS) trial was designed as a multicenter, multisurgeon, open-label randomized clinical trial to test the hypothesis that the long-term results of laparoscopic sleeve gastrectomy would be equivalent to those of laparoscopic Roux-en-Y gastric bypass with regard to weight loss and resolution of comorbidities. The 30-day and 6-month outcomes of this trial have been reported. 3, 4 This article reports the findings at 5-year follow-up.
Methods

Trial Design, Participants, and Interventions
The study design, rationale, and methods, including operative techniques, have been reported. 3, 4 The complete study protocol (Supplement 1) was approved by institutional ethics committees, and written informed consent was obtained from all patients. The trial was carried out at 3 hospitals in Finland (Turku, Vaasa, and Helsinki). Briefly, the trial was a multicenter, multisurgeon, openlabel, randomized clinical equivalence trial involving morbidly obese patients randomized to undergo either laparoscopic sleeve gastrectomy or laparoscopic Roux-en-Y gastric bypass from March 2008 to June 2010, with a final 5-year follow-up date of October 14, 2015 . Eligibility criteria included age 18 to 60 years, BMI greater than 40 or greater than 35 with a significant obesity-associated comorbidity, and previous failed adequate conservative treatment. Exclusion criteria were BMI greater than 60, significant psychiatric or eating disorder, active alcohol or substance abuse, active gastric ulcer disease, severe gastroesophageal reflux with a large hiatal hernia, and previous bariatric surgery.
All of the participating surgeons were experienced laparoscopists. The standardized surgical technique for the gastric bypass entailed creating a small gastric pouch and constructing an antecolic end-to-side gastrojejunostomy, as either a circular or a linear anastomosis. The biliopancreatic jejunal limb was measured to 50 to 80 cm, the alimentary limb to 150 cm, and a side-to-side jejunojejunostomy was created. At the time of the study, mesenteric defects were not routinely closed. The sleeve gastrectomy was created narrow along a 33-Fr to 35-Fr calibration bougie. The resection was initiated 4 to 6 cm proximal to the pylorus, preserving the majority of the antrum.
Objective
The primary objective of the trial was to compare laparoscopic sleeve gastrectomy with laparoscopic Roux-en-Y gastric bypass in the treatment of morbid obesity, with a hypothesis that percentage excess weight loss after sleeve gastrectomy would be equivalent to that after gastric bypass. The secondary objective was to test the possible differences between the operations regarding resolution of comorbidities, quality of life (QOL), and overall morbidity and mortality.
Randomization
Patients were randomized by a closed-envelope method to undergo either laparoscopic sleeve gastrectomy or laparoscopic Roux-en-Y gastric bypass. Randomization was performed with a 1:1 equal allocation ratio. The opaque, sealed, and sequentially numbered randomization envelopes were shuffled and then distributed to each participating hospital. To randomize an eligible patient after the clinical decision of proceeding to bariatric surgery for treating morbid obesity, the surgeon opened a sealed envelope containing the information of the assigned randomization group. All of the treating surgeons were part of the study team.
Outcome Measures
The primary end point was weight loss defined by percentage excess weight loss, calculated as (initial weight − follow-up weight)/(initial weight − ideal weight for BMI 25) × 100%. 5 Baseline weight was recorded at the start of the bariatric surgery evaluation process. At the time of study initiation, bariatric surgery in Finland was quite novel, and the primary end point was originally intended to be assessed at 1 year. Based on increasing understandingof the importance of long-term outcomes after bariatric surgery, the primary end point was revised to be assessed at 5-year follow-up, as this had no effect on the sample size calculation. The predefined secondary end points included resolution of obesity-related comorbidities, improvement of diseasespecific QOL measured by the Moorehead-Ardelt QOL score (range, −3 to +3, with higher score indicating better QOL), 6 and overall morbidity and mortality. Postoperatively, comorbidities were assessed as persisting (same medications as before surgery), improved (reduction in medications), or resolved (no medications needed). These definitions were used for all of the recorded comorbidities (type 2 diabetes, dyslipidemia, and hypertension). In addition, at 5-year follow-up the remission of diabetes was defined and analyzed according to American Diabetes Association criteria 7 (complete remission defined as glycated hemoglobin [HbA 1c ] value less than 6.0% (42 mmol/mol) and fasting glucose level less than 100 mg/dL [<5.6 mmol/L]; partial remission defined as HbA 1c value less than 6.5% (48 mmol/mol) and a fasting glucose level of 100 to 125 mg/dL (5.6-6.9 mmol/L), both for at least 1 year's duration in the absence of active pharmacologic therapy or ongoing procedures. For dyslipidemia, the whole study group was also evaluated for possible lipid disturbances (changes in levels of total cholesterol, highdensity lipoprotein cholesterol [HDL-C], low-density lipoprotein cholesterol [LDL-C], and triglycerides) at all time points. The decision to discontinue dyslipidemia medication was based on the treating physician's decision using European Society of Cardiology/European Atherosclerosis Society guidelines. 8 At 5-year follow-up, true remission of dyslipidemia as defined by these guidelines (LDL-C level less than 115.8 mg/dL [<3.0 mmol/L] and no dyslipidemia medications) was performed for all patients with baseline dyslipidemia.
Postoperative complications were classified as major or minor. Morbidity resulting in death, reoperation, hospital stay exceeding 7 days, or need for blood transfusions of 4 or more units constituted a major complication adapted from a classification scheme for complications of endoscopic sphincterotomy. 9 All other postoperative adverse events were classified as minor complications. For the 5-year followup, all late complications recorded between 30 days and 5 years after surgery were also retrospectively classified according to Clavien-Dindo classification 10 (I: any deviation in postoperative recovery; II: requiring pharmacological treatment, blood transfusions, or parenteral nutrition; III: requiring intervention [a: no general anesthesia, b: under general anesthesia]; IV: life-threatening complication requiring intensive care unit; V: death of patient).
Follow-Up
After the preliminary 3 and 6-month early follow-up, 4 patient outcomes were assessed at 1, 2, 3, and 5 years, with a follow-up plan extending up to 20 years (7, 10, 15 , and 20 years). Patients were evaluated at outpatient control visits, and all prespecified data were thoroughly recorded. Patients lost to follow-up were contacted multiple times by mail or telephone.
Statistical Analysis
The statistical analysis plan is available in Supplement 2. Sample size calculations were performed for percentage excess weight loss using an equivalence design. Calculations were based on a test of mean difference between gastric bypass and sleeve gastrectomy, assuming the mean of 60 and standard deviation of 20 in the gastric bypass group. An α level of .05 and power of 90% were used in calculations. The prespecified equivalence margins for the clinical significance of weight loss differences between gastric bypass and sleeve gastrectomy were −9% to +9% excess weight loss [11] [12] [13] ; the aim was to evaluate the margins based on minimal clinically important difference. Based on these calculations, 108 patients per group were needed, and taking into account 10% dropout rate, a total of 240 study patients were enrolled in the study.
Continuous variables were characterized using means and standard deviations except for micronutrient levels, for which medians and ranges were used. Categorical variables were characterized using frequencies and percentages.
Equivalence of percentage excess weight loss between the operations at different time points was evaluated using repeated-measurements analysis of variance (ANOVA). The model included operation, time, center, and diabetes status as independent variables, excess weight at the beginning of the study as a covariate, and interaction of operation and time. Confidence intervals (95%) for the difference between the study groups were calculated at every time point, and equivalence was evaluated using the predefined margins of equivalence (−9 to 9). If the 95% CI of difference is within equivalence margins, the groups are equivalent.
Repeated-measurements ANOVA was used to analyze the dependent variables, ie, fasting plasma glucose levels and HbA 1c values for patients with diabetes and levels of total cholesterol, LDL-C, HDL-C, and triglycerides for all patients. All of the models included operation, time, and center as independent variables and also included interaction of operation and time. In the analyses of fasting plasma glucose and HbA 1c values, preoperative use of insulin was also included in the model as an independent variable. In the analyses of lipid values, diabetes status was also included in the model as an independent variable. Repeated-measurements ANOVA tests for general differences across time points and, with the test of interaction of operation and time, tests whether the difference between the operations have any differences between the time points. According to the idea of repeatedmeasurements ANOVA, the difference between the study groups was evaluated separately at 4 points (0.5, 1, 3, and 5 years) only when the interaction of operation and time was statistically significant. If the interaction was not statistically significant, the results are presented by main-effects operation and time, meaning that mean estimates for operations are calculated across time points and mean estimates for time points are calculated for the whole dataset, not separately for operations. The QOL score was also analyzed using repeatedmeasurements ANOVA but including only baseline and 5 years in the analysis.
Normality of the residuals of the models was evaluated visually and using the Kolmogorov-Smirnov test. For skewed variables (HbA 1C , fasting plasma glucose, HDL-C, and triglycerides), logarithmic transformation was used to achieve normality. The analysis results were quantified using leastsquares mean (95% CI) estimates and difference (95% CI) between operations. When logarithmic transformation was used for analyses, estimates were transformed to the original scale, but for those variables differences are not presented, because back-transformed estimates for difference represent the ratio of group means, not the difference. For categorical variables, differences between study groups were studied using Pearson χ 2 or Fisher exact test. Post hoc analyses included BMI for the whole study group and percentage excess weight loss and BMI in patients with diabetes. All post hoc analyses were performed using repeated-measurements ANOVA as described above. Differences between groups at the 5-year point regarding vitamin deficiencies in the whole study group were evaluated using the Mann-Whitney U-test.
P values for multiple comparisons were adjusted using the step-down Bonferroni method of Holm. Analyses were performed according to the intention-to-treat population, ie, all patients were analyzed in their original intervention group, and missing data were excluded from the analyses. Because of missing values at at least 1 time point (60/240 patients [25%]), a sensitivity analysis using multiple imputation was performed for the primary outcome (percentage excess weight loss). Multivariate imputation by fully conditional specification method was performed. The predictive mean matching method was used to construct 10 imputed datasets, and repeated-measurements ANOVA was performed for each. The results of these sensitivity analyses were compared with the original analysis of percentage excess weight loss. Two-sided P values less than .05 were considered statistically significant. Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc), and all figures were drawn with R version 3.2.0 (R Foundation for Statistical Computing).
Results
Trial Patients
Among 240 patients randomized (mean age, 48 [SD, 9] years; mean baseline BMI, 45.9 [SD, 6.0]; 69.6% women), 80.4% completed the 5-year follow-up. Of the randomized patients, 2 in the group undergoing laparoscopic Roux-en-Y gastric bypass did not undergo bariatric surgery, resulting in a total of 238 operated patients. Baseline characteristics are presented in Table 1 ; there were no differences in demographic characteristics between the study groups regarding patient age, sex, BMI, and obesity-associated comorbidities. After 5 years, 24 patients in the gastric bypass group and 23 patients in the laparoscopic sleeve gastrectomy group were lost to follow-up; the remaining 193 patients (80.4%) were evaluated at 5-year follow-up. Figure 1 shows the flow of participants through the trial.
Primary End Point
The estimated mean percentage excess weight loss at 5 years was 49% (95% CI, 45%-52%) after sleeve gastrectomy and 57% (95% CI, 53%-61%) after gastric bypass; percentage excess weight loss data are presented in detail in Table 2 , Figure 2 , Figure 3 , and Figure 4 . At 5 years, the model-based estimate of mean percentage excess weight loss was 8.2 percentage units (95% CI, 3.2%-13.2%) higher in the gastric bypass group than in sleeve gastrectomy group. Predefined margins of equivalence were −9 to 9; based on those limits, the groups are not equivalent, because the whole confidence interval is not within the margins. The difference in mean percentage excess weight loss between the sleeve gastrectomy and gastric bypass groups did not meet the criteria for equivalence at any of the time points (6 months and 1, 3, and 5 years). Gastric bypass resulted in statistically greater weight loss than sleeve gastrectomy at 5 years, but the difference was not clinically significant, as the minimal clinically important difference of 9 is within the confidence interval. The results were very similar in sensitivity analyses in which multiple imputation was used to fill in the missing values.
Secondary End Points
Type 2 Diabetes At baseline, 101 patients (42%) had type 2 diabetes (52 sleeve gastrectomy, 49 gastric bypass), and 29 were using insulin (16 sleeve gastrectomy, 13 gastric bypass). After 5 years there was no significant difference between the study groups in diabetes remission (P > .99). Complete remission was seen in 5 of 41 patients (12%) in the sleeve gastrectomy group and in 10 of 40 (25%) in the gastric bypass group. Improved glycemic control was seen at 3 and 5 years after surgery in both study groups compared with baseline. After 5 years there was no statistically significant difference between the study groups in mean 3] mmol/L) in the gastric bypass group, P = .052). There was no difference between the study groups regarding glycated hemoglobin; the mean estimated HbA 1c value across the follow-up time was 6.6% (95% CI, 6.4%-6.8%) in the sleeve gastrectomy group and 6.6% (95% CI, 6.4%-6.8%) in the gastric bypass group (P =. 93) ( Table 3) .
Dyslipidemia
At baseline, 83 patients (35%) had dyslipidemia. At 5-year follow-up, 14 of 30 patients (47%) in the sleeve gastrectomy group and 24 of 40 (60%) in the gastric bypass group had discontinued dyslipidemia medications; 6 of 30 patients (20%) in the sleeve gastrectomy group and 2 of 40 (5%) in the gastric bypass group needed less medications; and no improvement in dyslipidemia medication use was detected in 10 of 30 patients (33%) in the sleeve gastrectomy group and 14 of 40 (35%) in the gastric bypass group (P = .15).
All lipid values at all time points are reported in Table 4 . For the whole study group, there was no statistically significant difference (P = .053) in total cholesterol values after 5 years between the groups: 189. [95% CI, 1.3-1.5] mmol/L), respectively (P = .79), with no statistically significant differences between the study groups. Of the 38 patients in the whole study group who discontinued dyslipidemia medication, 22 had true dyslipidemia remission (LDL-C level <115.8 mg/dL [3.0 mmol/L] and no dyslipidemia medications) at 5-year follow-up; the remission rate was 20% (6/30) in the sleeve gastrectomy group and 40% (n = 16/40) in the gastric bypass group.
Hypertension
At baseline, 170 patients (71%) were using medication for hypertension. After 5 years, 20 of 68 patients (29%) in the sleeve gastrectomy group and 37 of 73 (51%) in the gastric bypass group had discontinued hypertension medications; 24 of 68 patients (35%) in the sleeve gastrectomy group and 22 of 73 (30%) in the gastric bypass group needed less hypertension medications compared with baseline; and no improvement in hypertension medication use was detected in 24 of 68 patients (35%) in the sleeve gastrectomy group and 14 of 73 (19%) in the gastric bypass group (P = .02).
Quality of Life
At baseline, the mean QOL total score (Moorehead-Ardelt QOL 6 ) was 0.10 (SD, 0.94) in the sleeve gastrectomy group and 0.12 (SD, 1.12) in the gastric bypass group; mean QOL total scores were 0.85 (SD, 1.08) at 5 years after sleeve gastrectomy (n = 90) and 0.76 (SD, 1.01) after gastric bypass (n = 86). The change in QOL did not differ significantly between the study groups (P = .70 for operation × time interaction). There was no statistically significant difference Abbreviation: ANOVA, analysis of variance.
a All results adjusted for center and diabetes status.
b Equivalence design was used in the analyses, and equivalence margins were set from −9 to +9.
c Repeated-measurements ANOVA.
d Percentage excess weight loss calculated as (initial weight − follow-up weight)/(initial weight − ideal weight for body mass index 25).
e Superiority design was used in the analysis.
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Five in QOL between groups (P = .85), but total QOL score increased statistically significantly by 0.7 (95% CI, 0.6-0.9) units from baseline to the 5-year follow-up point (P < .001).
Morbidity and Mortality
The 30-day and 6-month complications have been reported, 3, 4 and detailed early complications (<30 days) and late complications (>30 days) are reported in Table 5 .F o r this study, the late complications were evaluated from 30 days after surgery until the 5-year follow-up, with an overall morbidity rate of 19% (n = 23) for sleeve gastrectomy and 26% (n = 31) for gastric bypass (P = .19). The late minor complication rate (Clavien-Dindo I-IIIa) 10 was 10.7% (n = 13) in the sleeve gastrectomy group and 10.9% (n = 13) in the gastric bypass group (P = .96). The late major complications in both study groups were all reoperations; the late major complication rate (Clavien-Dindo IIIb) 10 was 8.3% (n = 10)
after sleeve gastrectomy and 15.1% (n = 18) after gastric bypass (P = .10). Seven of the 10 reoperations after sleeve gastrectomy were performed for severe reflux, with patients undergoing conversion to gastric bypass at a median of 14 months (range, 6-59 months). In the gastric bypass group, 17 patients underwent reoperation for suspected internal herniation; all of these patients had closure of the mesenteric defect at repeat laparoscopy. There was no treatmentrelated mortality during the 5-year follow-up. 
Post Hoc Outcomes
The change in BMI differed significantly between the study groups (P < .001 for operation × time interaction). At 5-year follow-up, the mean estimate of BMI was 1.1 (95% CI, −0.5 to 2.6) units higher after sleeve gastrectomy, without statistically significant difference between the operations (P =.54).
For patients with diabetes, BMI results at 5 years were similar to the results in the whole study group; the mean estimate of BMI was 2.1 (95% CI, −0.2 to 4.5) units higher after sleeve gastrectomy compared with gastric bypass (P = .29). For patients with diabetes, study groups were not equivalent with regard to percentage excess weight loss at any of the points: at 5-year follow-up, the estimate of mean percent excess weight loss was 11.7% (95% CI, 3.7%-19.7%) higher in patients undergoing gastric bypass than in those undergoing sleeve gastrectomy. These results are presented in detail in Table 2 and Figure 3 .
At 5-year follow-up, the median micronutrient levels, regardless of possible vitamin supplementation, after sleeve gastrectomy and gastric bypass were 33 (range, 7-61) ng/mL (83 [range, 17- 
Research Original Investigation Five-Year Outcomes of Laparoscopic Sleeve Gastrectomy vs Gastric Bypass for Morbid Obesity Discussion
Among patients with morbid obesity, use of laparoscopic sleeve gastrectomy compared with use of laparoscopic Roux-en-Y gastric bypass did not meet criteria for equivalence in terms of percentage excess weight loss at 5 years. Although gastric bypass compared with sleeve gastrectomy was associated with greater percentage excess weight loss at 5 years, the confidence interval for the difference extended both above and below the prespecified equivalence margin, and therefore no conclusion can be drawn about whether gastric bypass is clinically superior to sleeve gastrectomy. However, both procedures resulted in sustained weight loss, with a mean excess weight loss of 49% in the sleeve gastrectomy group and 57% in the gastric bypass group. There were no statistically significant differences between sleeve gastrectomy and gastric bypass for the secondary outcomes of type 2 diabetes remission, dyslipidemia resolution, QOL improvement, and late morbidity. Compared with sleeve gastrectomy, gastric bypass resulted in better resolution of hypertension, based on antihypertensive medication use.
The effectiveness of bariatric procedures should be assessed from long-term outcomes information, since obesity is a chronic disease, as are its comorbidities. 2 With 240 patients, the SLEEVEPASS trial 3,4 is, to our knowledge, the largest randomized clinical trial comparing laparoscopic sleeve gastrectomy with laparoscopic Roux-en-Y gastric bypass. The Swiss Multicenter Bypass or Sleeve Study (SM-BOSS) had a protocol very similar to that of the SLEEVEPASS trial, included 217 patients, and had findings similar to those from our study. 14 Over long-term follow-up, gastric bypass showed significantly better weight loss than sleeve gastrectomy at each time point, evaluated by percentage excess weight loss (Figure 4 ). These findings are consistent with most previously published series [15] [16] [17] [18] and meta-analyses, 19, 20 taking into account the variation in definitions for reporting weight loss outcomes after bariatric surgery. The difference in weight loss between the gastric bypass and sleeve gastrectomy groups increased with time. Longer-term follow-up may help determine if these differences result from loss of effect of sleeve gastrectomy or from greater weight loss after gastric bypass. In general, bariatric surgery has better outcomes than does intensive medical therapy for treating type 2 diabetes. 17, [21] [22] [23] Using the American Diabetes Association triple end point of HbA 1c value, LDL-C level, and systolic blood pressure as the primary outcome, the Diabetes Surgery Study found that laparoscopic Roux-en-Y gastric bypass resulted in better outcomes than did intensive medical management using the Look AHEAD protocol. 23 The Surgical Treatment and Medications Potentially Eradicate Diabetes Efficiently (STAMPEDE) trial also showed greater efficacy for both laparoscopic Roux-en-Y gastric bypass and laparoscopic sleeve gastrectomy than medical therapy alone in decreasing or resolving hyperglycemia at 5-year follow-up. 17 At 5 years, there were no significant differences in diabetes control between the 2 surgical procedures, but the single-surgeon, single-institution STAMPEDE study was not powered for detecting differences in this outcome. 17 In this study, the diabetes remission rate did not differ between the procedures at 5 years, but the diabetes remission rate was lower than that in the SM-BOSS trial.
24 This may be attributable to possible differences in preoperative diabetes duration, because shorter diabetes duration at baseline is associated with more favorable short-term remission rates after bariatric surgery. 25, 26 Neither the current trial nor SM-BOSS were powered to detect differences for diabetes remission between sleeve gastrectomy and gastric bypass.
4,24
However, 101 patients (42%) in this trial had baseline diabetes, a rate that was higher compared with other randomized clinical trials comparing sleeve gastrectomy and gastric bypass. 15, 16, 18, 24, 27 As was found in other studies, 17 in a post hoc analysis, the estimated mean percentage excess weight loss difference between the procedures was higher for patients with diabetes than for the whole study group, which also included patients without diabetes. Although the dyslipidemia remission rate was not significantly different between the gastric bypass and sleeve gastrectomy groups, LDL-C levels were significantly lower in patients in the gastric bypass group than in those in the sleeve gastrectomy group-findings consistent with similar observations made in other studies. 24 Hypertension remission rates were significantly better after gastric bypass, based on patients using fewer antihypertension medications. This observation is tempered by reliance on medication use as an indicator for hypertension, since medication adherence may not be optimal. 28 This may explain the discrepancies observed in this study between dyslipidemia remission rates estimated from medication cessation relative to those estimated from measured LDL-C values. One potential drawback of sleeve gastrectomy is the exacerbation or new onset of gastroesophageal reflux and high incidence reported for Barrett esophagus after this procedure, [29] [30] [31] although there are discrepancies in rates for Barrett esophagus between the various studies. 32 Nevertheless, some authors have suggested that the presence of severe reflux and Barrett esophagus are contraindications for sleeve gastrectomy. 31, 33 In the current study, 7 patients (6%) in the b Glycated hemoglobin value less than 6.0% 42 mmol/mol) and fasting plasma glucose level less than 100 mg/dL (5.6 mmol/L) for at least 1 year's duration in the absence of active pharmacologic therapy or ongoing procedures.
c Glycated hemoglobin value less than 6.5% (48 mmol/mol) and fasting plasma glucose level 100 to 125 mg/dL (5.6-6.9 mmol/L) for at least 1 year's duration in the absence of active pharmacologic therapy or ongoing procedures.
d χ 2 test performed 1 year at a time.
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Five-Year Outcomes of Laparoscopic Sleeve Gastrectomy vs Gastric Bypass for Morbid Obesity sleeve gastrectomy group underwent conversion from sleeve gastrectomy to gastric bypass for severe reflux, and 11 (9%) required daily proton pump inhibitors. All of the patients in this study underwent preoperative upper gastrointestinal endoscopy and, if severe gastroesophageal reflux disease with large hiatal hernia was found, those patients were excluded from the study; however, there was no standardized evaluation of hiatal hernia size or use of a validated symptom questionnaire. In addition, 3 sleeve gastrectomy procedures were converted into single-anastomosis duodeno-ileal bypass procedures without any trial protocol consensus; these 3 cases were considered protocol violations. In the gastric bypass group, almost all of the late reoperations were for suspected internal hernias. These conceivably could have been prevented by closure of mesenteric defects during gastric bypass, 34,35 since these defects were not routinely closed in the operations performed in this study. When this trial was designed in 2007, it was common to assess bariatric surgical success by reporting excess weight loss or excess BMI loss. Since the time the study was designed, outcome reporting standards were adopted, with percentage weight loss relative to baseline weight now being the standard. 5 The findings for percentage total weight loss are presented in the eTable in Supplement 3 to facilitate comparison of these findings with those from other studies.
This study has several strengths. Major advantages include the large number of patients enrolled, the long-term follow-up of 5 years with a high degree of follow-up (>80%), and the randomized, multicenter, multisurgeon trial design, making the study results more generalizable to routine surgical practice.
This study also has several limitations. First, only a small number (n = 430) of bariatric procedures were performed in Finland (5.5 million inhabitants) at trial initiation in 2008. A learning curve effect could have accounted for some of the technical complications observed earlier in the trial, resulting in a higher reoperation rate for gastric bypass. Second, the study had a higher reoperation rate for sleeve gastrectomy than reported in other studies, 19 which also may be based on learning curve effect. Third, insufficient information was available for patients excluded from the study. Nevertheless, the trial population can be considered representative of the average bariatric surgery population, because the study group included most patients undergoing bariatric surgery at the study hospitals during the study enrollment period. Fourth, approximately 20% of the patient population was lost to follow-up, precluding a strict intention-to-treat analysis. However, the drop-out rates were similar in both groups. Multiple-imputation analysis suggested that there was little risk for bias when percentage excess weight loss was compared between the 2 procedures. Fifth, reliable information regarding diabetes duration at baseline was lacking, which constitutes a limitation when evaluating the remission rate for type 2 diabetes, because diabetes duration has been shown to be associated with predicted long-term remission.
36,37
Future studies should focus on assessing all factors affecting the sustainable long-term results of these 2 bariatric procedures to enhance optimal preoperative selection of the best possible procedure for each patient.
Conclusions
Among patients with morbid obesity, use of laparoscopic sleeve gastrectomy compared with use of laparoscopic Roux-en-Y gastric bypass did not meet criteria for equivalence in terms of percentage excess weight loss at 5 years. Although gastric bypass compared with sleeve gastrectomy was associated with greater percentage excess weight loss at 5 years, the difference was not statistically significant, based on the prespecified equivalence margins. In recent years morbid obesity has been recognized a serious worldwide health crisis. In the US obesity in considered the second most common cause of premature death after smoking. It has been estimated that 400 000 deaths per year are related to obesity and its complications (13) . Body mass index (BMI) of Finnish people has been increasing and obesity has become more common during the last two decades. In 2002 the mean BMI was 27,0 kg/m² among working age males and 25,9 kg/m² among females in Finland. 66 % of the males and 49 % of the females had BMI ≥ 25 kg/m² and every fifth had BMI ≥ 30 kg/m² (10) .
Obesity is related to increased morbidity and mortality. The increased mortality in mainly caused by obesity related comorbidities such as insulin resistance, type 2 diabetes, hypertension and dyslipidemia. (13) In addition to this, obesity is related to many other diseases such as metabolic syndrome, coronary artery disease, stroke, obstructive sleep apnea, gout, gall stones, fatty liver disease, arthritis, asthma and certain cancers (postmenopausal breast, uterus, colon and kidney cancer (2) . Bariatric surgery is considered superior to conservative treatment regarding weight loss and resolution of comorbidities in patients with BMI ≥ 40 kg/m² (12) . In two recent studies bariatric surgery decreased common morbidity compared to conservative treatment (3, 17) . Death by heart disease, diabetes and cancer was less common after gastric bypass operation compared to control group (3) .
The most common operative technique worldwide is gastric bypass (65 % of all procedures) and over half of these are performed by laparoscopy (6) . In this operation a small 30 ml gastric pouch is created, the biliopancreatic limb is measured (approximately 50 cm) by graspers and an antecolic end-to-side gastrojejunostomy is created (circular or linear staplers). The alimentary limb is measured by graspers at 150 cm and a side-to-side jejuno-jejunostomy is created.
The weight loss is based on limited food intake by the small gastric pouch, partial malnutrition by the ileal bypass and possible hormonal changes. (12) Mean excessive weight loss (%) after gastric bypass is 25 % at ten-year follow-up. In the same SOS study at ten-year follow-up regarding conservative treatment equaled 1,6 % excessive weight gain. Surgery was also superior to conservative treatment considering diabetes, hypertriglyseremia, low high density lipoprotein, hypertension and hyperuricaemia. (17) Mortality after gastric bypass is 0,5 -2,5 % and morbidity is 10 -20 % (4, 12) . Laparoscopic sleeve gastrectomy is a relatively new operative technique. It was originally intended as a bridge procedure for high-risk super obese patients (BMI > 60) preceding the definitive bariatric procedure (15) . Sleeve gastrectomy is created narrow along a 33-35 Fr calibration bougie using linear staplers preserving the majority of the antrum. The weight loss is based on limited food intake by the narrow gastric tube created in the procedure and decrease of ghrelin hormone secreted from the resected fundus of the stomach. In the last few years sleeve gastrectomy has been used as a single procedure for patients with BMI 35 -60. The initial promising results in terms of weight loss and the resolution of comorbidities have been comparable to gastric bypass at short-term follow-up. However, long-term results of sleeve gastrectomy are very scarce (9, 14) .
Morbid obesity by itself increases risk for venous thrombosis and pulmonary embolism. After bariatric surgery, possible serious complications are hemorrhage, anastomotic or staple line leakage and related infection and stricture of the anastomosis. Some of these complications must be treated by reoperation. After laparoscopic gastric bypass the risk for serious complication is 0.9-5.1 % (7, 8, 16) and mortality is 0,16 % (5) . The risk for serious complication after laparoscopic sleeve gastrectomy is 2,9 % (11) , but studies regarding mortality and long-term results are lacking.
Aim of the study
The aim of the study is to compare two different operative techniques regarding weight loss, resolution of comorbidities and complications. The primary endpoint is weight loss evaluated by %EWL (excessive weight loss, %). The secondary endpoints include resolution of associated comorbidities, improvement of QOL, mortality and morbidity of the procedures.
Design of the study
The study is carried out at three centers, Turku University Hospital, Vaasa Central Hospital and Helsinki University Hospital (Peijas). The patients evaluated for enrollment are assigned to undergo surgical treatment for morbid obesity and their treatment follows established treatment protocols.
Inclusion criteria:
BMI ≥ 40 or BMI ≥ 35 with a significant obesity related comorbidity Age 18 -60 years Previous successfully instituted and supervised but failed adequate diet and exercise program Exclusion criteria: BMI > 60 Significant psychiatric disorder Severe eating disorder, active alcohol or substance abuse Active gastric ulcer disease Difficult GERD with a large hiatal hernia Previous bariatric surgery
Preoperative evaluation
All the patients undergo a thorough multidisciplinary evaluation (an endocrinologist, a dietician, and a bariatric surgeon), and a psychiatric evaluation is obtained, if considered necessary. All patients undergo upper gastrointestinal endoscopy and abdominal ultrasound examination. Possible Helicobacter pylori infection and associated gastric ulcer disease are treated before surgery. Only symptomatic gallstones are considered an indication for laparoscopic cholecystectomy at the time of the bariatric procedure. After the clinical decision of proceeding to bariatric surgery for treating morbid obesity is reached, patient eigibility for this RCT is evaluated according to the inclusion and exclusion criteria. A written informed consent is received and the patients are randomized by a closed envelope method either to undergo laparoscopic sleeve gastrectomy or laparoscopic gastric bypass. Preoperative quality of life is measured by the Moorhead-Ardelt questionnaire at the same visit.
Postoperative treatment
Postoperative treatment is carried out according to established treatment protocols. Oral fluids are initiated on the first postoperative day and patients are discharged from the hospital from the second postoperative day onward depending on recovery. All patients are placed on multivitamins postoperatively and proton pump inhibitors are routinely used for the first three months. The postoperative control visits at surgical outpatient clinic are planned at 3, 6, 12, 18 months, 2, 3, 4, 5, 7, 10 and 15 years. At these visits the patients are measured for weight, checked for blood samples according to normal treatment protocols and asked to fill the Moorehead-Ardelt quality of life questionnaire. Plastic surgery consultation is obtained, if needed.
Current state of the study
The statement for approval by the ethics committee of Turku University Hospital will be submitted ann the approvals by the ethics committees of Vaasa Central Hospital and Helsinki University Hospital will also be applied. The randomization for the study will be started during spring 2008 after the approvals by the ethics committees. The researchers (Paulina Salminen, Jari Ovaska, Mika Helmiö, Mikael Victorzon, Pekka Tolonen, Pipsa Peromaa, Anne Juuti and Marja Leivonen) will be personally responsible for the preoperative visits, operations and postoperative visits.
Hypothesis and meaning of the study
The results of this current RCT study enable comparison on the long-term data between the current golden standard of laparoscopic gastric bypass and laparsocopic sleeve gatrectomy. The hypothesis of the study is that as sleeve can be considered less traumatic and easier and faster to perform compared to RYGB, it could become the procedure of choice in treating morbid obesity provided that long-term results of SG were comparable with those of RYGB. The results can directly be applied to patient care.
